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[571 ABSTRACT

An apparatus for continuously producing concentrated
alcohol from beer comprises a plurality of concentrator
cells and a plurality of salvage cells arranged in a line in

- side-by-side relation. Liquid beer, supplied to the first

upstream concentrator cell through a supply conduit,
flows through passages between adjacent cells in re-
sponse to the volume of beer reaching a predetermined
level in the adjacent upstream cell. A microwave igni-
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1
MICROWAVE DISTILLATION |

SUMMARY OF THE INVENTION

This 1invention relates toO an apparatus fer eontmu-
ously producing alcohol from beer. |

“An object of this invention is to provide a novel appa-
ratus for continuously separating alcohol from: beer to
obtain liquid containing approximately 95% alcohol
and approximately 5% water.

Another object of this invention is to prewde a novel

‘apparatus for produemg concentrated alcohol from

beer including microwave emission units for heating
and separating alcohol in concentration cells where the
“gaseous alcohol is collected, coneentrated and -con-
densed. : | -

- A further object of this invention is to provide a
novel  apparatus for separating alcohol from beer
whereby the beer is progressively passed through a
plurality of concentrator and salvage cells wherein the
alcohol is preheated and separated by microwave en-
ergy, the lower concentrations of alcohol being col-
lected from salvage cells and returned to the concentra-
tor cells for recycling therethrough.

- These and other objects and advantages of this inven-
tion will more fully appear from the following descrip-
tion made in connection with the accompanying draw-
ings, wherein like reference characters refer to the same
~ or similar parts throughout the several views.

FIGURES OF THE DRAWINGS

FIG. 1, the only FIGURE of the drawing, is a dia-
grammatic, cross-sectional view illustrating the features
of the novel apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawing, it will be seen that one
embodiment of my novel apparatus, designated gener-
ally by the reference numeral 10, is thereshown. The
apparatus 10 is specifically designed to continuously
separate alcohol from beer so that relatively high con-
centrations of alcohol are obtained. The apparatus 10
- includes a plurality of concentrator cells 11 and a plural-
ity of salvage cells 12 arranged in a line in side-by-side
relation. In the embodiment shown, the apparatus in-
cludes five concentrator cells and four salvage cells.
However, theoretically, the apparatus could include

one concentrator cell and one salvage cell, although it is

preferred a plurahty of concentrator and salvage cells
be used.
Each concentrator and salvage cell 1s eomprlsed of a
- top wall 13, a bottom wall 14, vertical end walls 15 and
vertical side walls 16. In the embodiment shown, the
concentrator and salvage cells are substantially identi-
- cal in size and shape and each is provided with a verti-
cally disposed baffle or wall element 17 which is affixed
~to the bottom wall and projects upwardly therefrom. It

- will also be noted that the common or intermediate

vertical wall 15 between adjacent cells extends from the
top wall thereof but has its lower end 18 spaced above
the upper surface of the lower wall. Liquid beer is intro-
duced into the system through an inlet or supply line 19

which discharges the liquid beer to an outlet end 20 into

the interior 21 of the concentrator cell 11 located fur-
“therest upstream. A sinuous passage 22 is defined by
each baffle element 17 and each common, vertical wall
18 so that the liquid beer flows from one cell to the next
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adjacent cell in response to a volume of beer exceeding
a predetermined level. Therefore, when the level of
beer within a cell reaches a volume so that the beer
overflows the baffle element, the beer progressively
moves downstream. In this regard, it will be noted that
a -common bottom wall 14 for the entire apparatus is
disposed in a single common horizontal plane.

Means. are provided for instantaneously heating the
liquid beer within each concentrator and salvage cell
and this means includes a microwave emission bulb 23.
It will be noted that each microwave emission bulb 23 is
mounted in the top wall of the associated cell and each

1 provided with suitable conductors 24 which are con-

nected to a source of high frequency current. The mi-
crowave emissions heat the beer to cause the alcohol to
boil and 'vaporize into that volumetric space located
above the surface of the liquid.

It will also be noted that each concentrator cell 11 is
connected to the next adjacent concentrator cell by a
fluid conduit 25. It will further be noted-that the inlet
end 26 of each conduit 25 is located above the level of
the liquid beer of one concentrator cell and that the
outlet end 27 of each fluid conduit is located below the
level of liquid beer in the next adjacent upstream con-
centrator cell. With this arrangement, the gaseous alco-
hol produced by boiling and vaporizing of the alcohol
from the liquid beer passes through each fluid conduit
and bubbles through the beer of the next adjacent up-
stream concentrator cell. Thus, the gaseous alcohol is
serially bubbled through each concentrator cell 11 until
the first upstream concentrator cell is reached.

It will be appreciated that as the liquid beer passes
downstream from the first concentrator cell, the con-
centration of alcohol in the liquid beer becomes pro-
gressively less. Thus, as the liquid beer passes from the
last concentrator cell 11 into the first salvage cell 12, the
concentration of alcohol in this beer is relatively low.
However, the microwave emission bulbs continue to
heat the liquid beer but the gaseous vapors produced by
this microwave emission in the salvage cells also in-
cludes a substantial amount of water vapor along with
the alcohol. The gaseous alcohol and water vapor in
each salvage cell passes through the inlet end 29 of a

collector pipe 28 connected to the upper wall of each

salvage cell each collector pipe is connected by a cou-
pling 30 in communicating relation to a main collector
line 31. This gaseous alcohol and water vapor passes
through the main collector line 31 into cooling coils 32
located in a condenser 33. The condenser 33 is prowded
with a coolant inlet line 332 through which coolant is
introduced and a coolant outlet line 335 through which
the coolant exits from the condenser. Thus, the alcohol
and water vapor mixture is condensed in to a liquid in
the condenser and this mixture is pumped by means of a
pump 34 through a return line 35 to the inlet or supply
line 19 where the mixture is mixed with the incoming
beer to be treated.

The gaseous alcohol which collects in the first con-
centrator cell 11 in the volumetric space located above
the liquid beer is directed into a concentration column
36 which 1s connected in communicating relation with
this first concentrator cell. It will be noted that the
concentration column 36 is connected to the upper wall

.of the first concentrator cell and includes a bubble recti-

fier 37 of wellknown construction for concentrating the
gaseous alcohol before the alcohol is directed through
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the outlet conduit 38 of the concentrated column 36 and
through the coils 39 of a condenser 40. |
- The entire concentration column is of small compass

and may have a vertical dimension of one or two feet.

The condenser 40 is provided with a coolant inlet line
41 through which coolant is introduced and a coolant
outlet line 42 through which the coolant is circulated
from the condenser and the concentrated liquid alcohol

1s collected through a discharge end 43. The concentra-
tion of the alcohol solution obtained from this system
contains approximately 95% and 5% water. In order to

- Increase the time efficiency of the present apparatus, the

incoming beer is preferably preheated by a heater 44
‘which is located just upstream of the first concentrator
cell 11. It is also preferred that the concentrated water-
/alcohol solution collected from the salvage cells also
be preheated before it is introduced into the system for
recycling. The spent beer remaining in the last salvage
cells 11 will contain only a trace amount of alcohol and
this spent beer can be removed from the last salvage cell
- through an outlet 45.

It will be seen from the foregoing descrlptlon that I
have provided a novel apparatus which continuously
separates alcohol from beer for the use of microwave
energy. Arrangement of the concentrator and salvage
cells in a side-by-side inline system permits the alcohol
content from the beer to be progressively reduced until

substantially all of the alcohol is removed from the beer

in the salvage cells. By serially bubbling the gaseous
- alcohol upstream through each concentrator cell while
progressively moving the beer continuously down-
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stream, the alcohol is concentrated in the first concen-

trator where the alcohol is condensed and collected.

Thus, 1t will be seen that I have provided a system for
not only separating alcohol from beer in a simple con-
tinuous operation, but one which functions in a more
efficient manner than any heretofore known compara-
ble system.

It is anticipated that various changes can be made in
‘the size, shape and construction of this apparatus dis-
closed herein without department from the spirit and
scope of my invention as defined in the following
claims.

What is claimed is:

1. An apparatus for continuously producing concen-
trated alcohol from beer, comprising: |

a plurality of similar concentrator cells and a plurality

of similar salvage cells arranged in side-by-side
Inline relation and each cell being adapted to con-
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said concentrator cells being disposed adjacent one
of said salvage cells,
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a supply conduit connected to the first upstream con-
centrator cell for supplying liquid beer thereto,
means defining a passage between adjacent concen-
trator cells, between adjacent salvage cells and
between said one concentrator and salvage cells to
permit liquid beer to flow from each cell to the next
adjacent downstream cell in response to the vol-
-ume of beer reaching a predetermined level in each

cell,

a plurality of microwave units each being positioned
in one of said concentrator and salvage cells, each

unit producing microwave emissions to heat the
beer and cause the alcohol to boil and vaporize,

- means defining a fluid conduit between each adjacent
concentrator cell, said fluid conduit having one end
thereof located above the level of beer in one con-

_centrator cell and having the other end thereof
located below the level of beer in the adjacent
upstream concentrator cell whereby gaseous alco-
hol be bubbled continuously in an upstream direc-
tion through the fluid conduits and through the
liquid beer for collectlon into the first concentrator

- cell,

a plurality of collector pipes each communicating
with one of said salvage cells and with each other
for collecting gaseous alcohol and water vapor

from said salvage cells, a conduit for returning said
- gaseous alcohol and water vapor for recychng

- through the concentrator cells,.

a concentrator column communicating with the

- upper end of said first upstream concentrator cells
to concentrate the gaseous alcohol emanating from -
said first concentrator cell, |

‘and a condenser for condensing the gaseous alcohol

~ to a liquid solution containing approximately 95%
alcohol and approximately 5% water. |

2. The apparatus as defined in claim 1 and means for

preheatmg the beer before it is mtroduced into the first

“concentrator cell.
40

3. The apparatus as defined in claim 1 wherein each
cell includes a horizontal lower wall, a vertical wall
between adjacent cells, said passage means between
adjacent cells including a vertical baffle element extend-
ing upwardly from the lower wall and being disposed
adjacent but spaced from the vertical wall between the
adjacent associated cells, the vertical wall between
adjacent associated cells having its lower end spaced
above the lower wall whereby liquid beer will flow ina
downstream direction over the associated baffle ele-
ment and below the associated vertical wall between

adjacent cells. I
. g * 1* * .
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